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The mechanisms responsible for intermittent bundle 
branch block are still under debate. The role of the 
time-dependent behavior of the slow calcium channel has 
recently been emphasized. To test this hypothesis and 
ascertain the possible involvement of the fast sodium chan- 
nel, the effects of the slow calcium channel blocker vera- 
pamil and the fast sodium channel blocker procainamide 
were compared in 10 patients with intermittent bundle 
branch block. All 10 patients showed bundle branch block 
during spontaneous sinus rhythm. Maneuvers to slow car- 
diac rate (that is, carotid sinus massage, Valsalva maneu- 
ver) were performed to identify normal conduction as well 
as phase 4 bundle branch block. 
Thus, the ranges of diastolic intervals (RR) resulting in 
phase 3 (tachycardia-dependent) bundle branch block, 
phase 4 (bradycardia-dependent) bundle branch block and 
normal conduction were measured in two control studies 
performed before intravenous administration of verapamil 
(control 1) and procain?mide (control 2) and at the peak 
effect of both drugs. In the control studies, all 10 patients 
showed phase 3 bundle branch block, whereas phase 4 
bundle branch block occurred in only 4 patients. The 
ranges of phase 3 bundle branch block, phase 4 bundle 
branch block and normal conduction were very similar in 
control studies 1 and 2. The phase 3 bundle branch block 
range was slightly shortened by verapamil (983 + 83.5 ms 
in control 1; 930 f 69.4 ms at the peak effect of verapamil), 
whereas phase 4 bundle branch block remained unchanged. 
In contrast, conduction was systematically worsened by 
procainamide. The phase 3 bundle branch block range was 
prolonged 80 to 1,770 ms in five of the six patients with 
apparently isolated phase 3 bundle branch block, and 
rate-independent bundle branch block occurred in all four 
patients with both phase 3 and phase 4 bundle branch block 
as well as in one patient showing an isolated phase 3 bundle 
branch block. 
The absence of any depressing action of verapamil and 
the marked effects induced by procainamide strongly sup- 
port the view that clinical intermittent bundle branch block 
is related to depressed fast responses and not to slow 
calcium-mediated responses. Hence, these conduction dis- 
turbances probably occur in tissues operating at a subnor- 
mal but still relatively high level of membrane potential. 
(J Am Co11 Cardiol1990;15:633-9) 
The electrophysiologic mechanisms underlying rate- 
dependent bundle branch block are still uncertain. Some 
recent in vitro studies (l-3) seem to support the causal role 
of the time-dependent behavior of the slow calcium channel. 
However, no attempts have been made to prove this hypoth- 
esis in the clinical setting. 
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Direct identification of the cellular and ionic mechanisms 
accounting for the different varieties of clinical intraventric- 
ular block is not possible. However, indirect information may 
be obtained by studying the response of conduction distur- 
bances to fast and slow channel blocking agents (4,5). We 
have studied the comparative effects of procainamide (a fast 
channel blocker) (6) and verapamil (a slow channel blocker) 
(7) in patients with previously documented rate-dependent 
bundle branch block as a further approach to the elucidation 
of the intimate substrate of these conduction disturbances. 
Methods 
Study patients (Table 1). Ten patients with previously 
documented intermittent bundle branch block were studied. 
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Table 1. Clinical Features in 10 Patients With Previously 
Documented Intermittent Bundle Branch Block 
Patient Age (Y~Y Type of 
No. Gender Clinical Diagnosis Block 
1 57/M lschemic heart disease LBBB 
2 40/M lschemic heart disease RBBB 
3 72iM lschemic heart disease LBBB 
4 58/M Idiopathic dilated cardiomyopathy LBBB 
5 72/F Systemic hypertension LBBB 
6 59/M Ischemic heart disease LBBB 
7 50/M Idiopathic dilated cardiomyopathy RBBB 
8 62/F Lenegre’s disease LBBB 
9 48/F Chronic Chagas’ heart disease RBBB 
10 65/M Idiopathic dilated cardiomyopathy RBBB 
F = female; LBBB = left bundle branch block; M = male; RBBB = right 
bundle branch block. 
The diagnosis of bundle branch block type and its intermit- 
tent or rate-dependent character were based on criteria 
developed by the New York Heart Association (8) and the 
World Health Organization/International Society and Feder- 
ation of Cardiology (WHO/ISFC) Task Force (9). None of 
the patients were under treatment with cardioactive drugs or 
presented with electrolite imbalance, and all were clinically 
stable. Informed consent was obtained in every case, and the 
study protocol was approved by the Committee on Human 
Research of the Ramos Mejia Hospital on May 28, 1986. 
Protocol. Contiol studies included a 12 lead electrocar- 
diogram and long rhythm strips of three simultaneous leads 
(I, II, V,), with maneuvers to obtain appropriate changes in 
heart rate (that is, carotid sinus massage and Valsalva 
maneuver). 
After this control study (control l), verapamil was admin- 
istered intravenously (10 mg over 30 s). Long rhythm strips 
during induction of changes in heart rate were obtained at 5, 
10, 20 and 30 min after verapamil administration. Immedi- 
ately after, a second control study (control 2) lasting 10 to 20 
min was performed. Procainamide was administered intra- 
venously in single doses of 100 mg every 10 min until 
rate-independent bundle branch block was observed or a 
maximal cumulative dose of 1,000 mg was reached. Long 
rhythm strips with the maneuvers to change heart rate were 
obtained from 2 to 10 min after each dose and every 5 min 
until 45 min after the last dose. 
Diagnosis and assessment of phase 3 and phase 4 bundle 
branch block. Although our method of study has been 
described in previous reports (lo-13), it is pertinent to 
summarize how phase 3 and phase 4 bundle branch block are 
recognized and measured. When a bundle branch block 
pattern is identified by either an acceleration or slowing of 
heart rate, or both, the conduction disturbance is obviously 
rate dependent and tends to occur intermittently. All pa- 
tients included in this study showed a bundle branch block 
pattern during spontaneous sinus rhythm. Hence, the refrac- 
tory period in the injured fascicle was longer than the 
spontaneous sinus node cycle length. Under these condi- 
tions, the assessment of the refractory period in the damaged 
fascicle as it is currently performed (by introducing progres- 
sively shorter programmed atria1 premature stimuli during 
atria1 pacing at a fixed basic cycle length) is virtually 
impossible. Instead, appropriately long diastolic intervals 
must be obtained (by bradycardia-inducing maneuvers) to 
reveal normal ventricular conduction. Thus, the longest 
diastolic interval showing the bundle branch block pattern 
estimates approximately the duration of the refractory pe- 
riod in the affected fascicle. This relatively “early refracto- 
riness” is what our group has termed phase 3 bundle branch 
block. For reasons extensively analyzed in previous reports 
(14,15), an overlap between phase 3 bundle branch block and 
the diastolic intervals permitting normal conduction is in- 
variably found. 
The dejinition of phase 3 (tachycardia-dependent) bundle 
branch block implies that it is always followed by a normal 
Table 2. Phase 3 and Phase 4 Bundle Branch Block and Normal Conduction Ranges of Diastolic (RR) Intervals in Control Studies and 
After Verapamil and Procainamide Administration 
Patient Phase 3 
No. BBB 
1 830-860 
2 720-880 
3 600-800 
4 800-1,140 
5 800-1,240 
6 740-860 
7 500-650 
8 980-1,170 
9 700-740 
10 880-l ,490 
Control 1 Verapamil 
Normal Phase 4 Phase 3 Normal Phase 4 
Conduction BBB BBB Conduction BBB 
780-840 ( 930-I ,320 1,480-l ,940 860-1,280 1,480-2,360 
770-I ,280 1,190-3,040 740-880 770-1,250 1,190-2,790 
660-I ,640 2,040-4,390 580-720 680-1,580 1,640-3,200 
1,180~1,390 1,530-3,780 720~1,100 1,120-1,480 1,550-4,120 
1,160-4,440 - 680-1,280 1,200-3,220 - 
810-5,040 - 710-790 770-5,040 - 
620-4,380 - 560-610 560-4,5&l - 
1,030-5,09ll - 930-1.120 l,OlO-2,720 - 
720-3,280 - 680-800 720-2,520 - 
1,280-5,160 - 880-1,160 1,020-4,200 - 
Unless indicated, all values are in ms. BBB = bundle branch block. 
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conduction range. However, when even longer diastolic 
intervals are obtained, the normal conduction range may (or 
may not) be followed by another range of diastolic intervals 
showing the same bundle branch block pattern. This is the 
so-called phase 4 (bradycardia-dependent) bundle branch 
block. The beginning of the phase 4 bundle branch block 
range is determined by the shortest cycle length at which 
bundle branch block again occurs after a range of normal 
conduction. This late depressed responsiveness is never 
followed by normal conduction, even though extremely long 
pauses are induced. 
Statistical analysis. The analysis of variance was applied 
to compare control studies 1 and 2. A similar statistical 
analysis was used to assess the effects of verapamil on phase 
3 and phase 4 bundle branch block ranges. The Wilcoxon 
signed test was applied to evaluate changes in phase 3 bundle 
branch block during the peak effect of procainamide. 
Results 
Table 2 describes the ranges of diastolic (RR) intervals 
resulting in phase 3 bundle branch block, normal conduction 
and phase 4 bundle branch block in control studies as well as 
during the peak effect of verapamil and procainamide. Be- 
cause all 10 patients showed a bundle branch block pattern 
(phase 3) during spontaneous sinus rhythm the critical RR 
intervals for normalization of conduction (thus allowing 
assessment of duration of phase 3 block) was obtained by 
slowing the heart rate during carotid sinus massage or 
Valsalva maneuver. Phase 4 block occurred in all instances 
during carotid sinus massage. 
Control studies. During control studies, phase 3 bundle 
branch block was found to occur in all 10 patients, whereas 
phase 4 block was documented in only 4 of them. The ranges 
of diastolic intervals resulting in bundle branch block and 
normal conduction were found to be similar in the two 
control studies (phase 3 bundle branch block lasted 983 ? 
83.5 ms during control 1 and 987 f 81.4 ms in control 2). No 
Table 2. Continued 
statistical differences were found. Phase 4 bundle branch 
block also occurred with similar diastolic intervals in control 
studies 1 (1,560 t 176.7 ms) and 2 (1,535 if: 129.2 ms). These 
findings demonstrate the stability of the rate-dependent 
conduction disturbances and, thus, support the reliability of 
intermittent bundle branch block as a clinical model with 
which to assess the acute effects of antiarrhythmic drugs on 
conduction over diseased fascicles of the conducting system. 
Effects of verapamil and procainamide. Figures 1 and 2 
show two representative examples illustrating the dissimilar 
effects of verapamil and procainamide on intermittent bundle 
branch block. 
Figure 1 illustrates the findings in a patient with a mild 
conduction impairment in the right bundle branch. During 
the control study, phase 3 right bundle branch block was 
present at diastolic intervals of ~620 ms, whereas normal 
conduction occurred with diastolic intervals of 2650 ms. 
Phase 4 right bundle branch block was not observed even 
after extremely long pauses of up to 4,480 ms. Thus, a slight 
prolongation of the refractory period in the right bundle 
branch was the only abnormal finding. A small reduction in 
the range of phase 3 block was observed during the peak 
effect of verapamil. In contrast, a marked prolongation of the 
phase 3 right bundle branch block range was induced by 
procainamide. Thus, phase 3 right bundle branch block was 
found to be present with diastolic intervals as long as 2,410 
ms, whereas normal conduction over the right bundle branch 
occurred only after diastolic intervals ~2,860 ms. 
Figure 2 show?s the effects of both verapamil and procain- 
amide in a patient with a severe conduction impairment in 
the right bundle branch denoted by the presence of phase 3 
and phase 4 right bundle branch block and a narrow inter- 
mediate range of normal conduction. In the control study, 
phase 3 right bundle branch block was present with diastolic 
intervals of ~880 ms. conduction over the right bundle 
branch occurred with diastolic intervals between 890 and 910 
ms and phase 4 right bundle branch block was apparent after 
pauses of 21 .I90 ms. No discernible changes were found 
Patient Phase 3 
No. BBB 
I 800-860 
2 800-940 
3 580-800 
4 750-1.140 
5 680- 1.230 
6 760-860 
7 520-640 
8 940-1.160 
9 680-760 
10 840-l ,480 
Control 2 
Normal 
Conduction 
920-l ,360 
960-1,240 
680-1,520 
I. 140-l ,400 
1.160-4,000 
820-4.400 
610-4,200 
I ,050-4.X80 
720-2,850 
1,260-4.320 
Phase 4 
BBB 
1.460-2,000 
I .260-2,840 
1,880-3.600 
I .540-4.050 
- 
- 
- 
- 
Cumulative 
Dose (mg) 
500 
500 
700 
300 
1 .OOO 
1 .ooo 
1,000 
200 
1.000 
1,000 
Procainamide 
Phase 3 Normal Phase 4 
BBB Conduction BBB 
Rate-independent BBB (840-1.880) 
Rate-independent BBB (840-2.260) 
Rate-independent BBB (660-4.180) 
Rate-independent BBB (700-3.960) 
800-I ,360 1,560-3.000 - 
760-I ,290 1.240-3.050 - 
780-2.440 2.850-3,310 
Rate-independent BBB (1.090-2.920~ 
680-1.060 9X0-4,080 
540-l ,560 I .640-4,080 - 
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after verapamil administration, whereas rate-independent 
right bundle branch block was observed after a 500 mg 
cumulative dose of procainamide. 
When the response to both drugs was analyzed in the 
entire group of patients, it was apparent that verapamil 
induced inconsistent changes in phase 3 bundle branch block 
and did not modify phase 4 block. Therefore, the normal 
conduction range remained similar in most patients. The 
phase 3 bundle branch block range was shortened by 20 to 
300 ms in seven patients, was lengthened by 40 and 60 ms in 
two patients and showed no discernible changes in the 
remaining one patient. Statistical analysis revealed a small 
but not significant shortening of the phase 3 bundle branch 
block range (983 ? 83.5 ms in control 1 and 930 t 69.4 ms 
during the peak effect of verapamil). The change in phase 3 
bundle branch block was observed 3 to 5 min after the end of 
verapamil injection and persisted for only 5 to 15 min. In 
contrast, phase 4 bundle branch block remained unmodified 
in all three patients in whom the beginning of the range of 
phase 4 block could be precisely measured before and after 
verapamil administration. 
Conduction was systematically depressed by procaina- 
mide. The range of phase 3 bundle branch block was 
prolonged by 80 to 1,770 ms in five of the six patients with 
isolated phase 3 bundle branch block in the control studies 
(p < 0.06). This change developed progressively and reached 
a maximum after the last dose, thus suggesting a continuing 
effect of the drug. In contrast, rate-independent bundle 
branch block was induced by procainamide in all four 
patients showing both phase 3 and phase 4 bundle branch 
block in the control studies, as well as in one patient with 
isolated phase 3 bundle branch block. The changes underly- 
ing the abolition of conduction (lengthening of phase 3 
bundle branch block or early onset of phase 4 bundle branch 
block, or both) could not be elucidated in the four patients 
with both phase 3 and phase 4 bundle branch block because 
the effects of procainamide remained unchanged 45 min after 
the last dose. However, in the remaining patient, a previ- 
ously absent phase 4 bundle branch block appeared during 
recovery from the last dose of procainamide that provoked a 
transient rate-independent bundle branch block. This finding 
suggests that this drug may impair conduction over a dis- 
eased bundle branch at slow rates by inducing an early onset 
of a preexisting phase 4 bundle branch block or by creating 
a previously absent phase 4 bundle branch block. 
Discussion 
Response to procainamide. Our study shows that the 
conduction disturbances implicated in phase 3 (tachycardia- 
dependent) and phase 4 (bradycardia-dependent) bundle 
branch block is consistently aggravated by therapeutic doses 
of procainamide. Thus, the administration of this fast sodium 
channel blocker resulted in abolition of the normal conduc- 
tion range in four patients who showed both phase 3 and 
phase 4 bundle branch block, as well as in a patient with 
isolated phase 3 bundle branch block, whereas a prolonga- 
tion of the phase 3 bundle branch block range occurred in 
five other patients with isolated phase 3 bundle branch 
block. The depressant action of procainamide was, within 
limits, proportional to the severity of the conduction distur- 
bance. It is known that procainamide depresses excitability 
and conduction at relatively high levels of membrane poten- 
tial by interfering with sodium channel conductance (6) and 
that these effects are greater in injured tissues in which the 
sodium channel is partially inactivated. Consequently, the 
response to procainamide supports the idea that the occur- 
rence of intermittent bundle branch block is closely related 
to depressed sodium conductance. 
Response to verapamil. Our study also shows that, in 
marked contrast with the effects of procainamide, phase 3 
and phase 4 block are practically unaffected by therapeutic 
doses of verapamil. In the same 10 patients, the administra- 
tion of this calcium antagonist failed to modify the range of 
phase 4 block and resulted in slight shortening (rather than 
prolongation) of the range of phase 3 block. The latter action 
was not due to prolongation of atrioventricular (AV) node 
conduction masking the effect of verapamil on the bundle 
branches. In fact, the shortest RR intervals observed at the 
peak effect of the drug were, in most cases, even shorter 
than those during the control studies. The capacity for 
yielding normal conduction at the appropriate diastolic in- 
tervals was absolutely preserved. It should be noted that the 
same doses of verapamil utilized in our study consistently 
impair conduction and prolong refractoriness in the human 
AV node (16). Therefore, the response to verapamil suggests 
that slow channel activity is highly unlikely to play a major 
(or any) role in clinical cases of intermittent bundle branch 
block. 
Physiologic basis of intermittent bundle branch block. 
There is a wide consensus (2,14,15,17-19) that phase 3 or 
tachycardia-dependent bundle branch block is related to an 
abnormal prolongation of refractoriness in the affected fas- 
cicle, with or without a concomitant prolongation of the 
action potential duration. In contrast, the physiologic basis 
of phase 4 or bradycardia-dependent bundle branch block is 
still controversial. Based on the classic study of Singer et al. 
(20) as well as on clinical (10-15) and in vivo experimental 
(10,21) observations, we proposed that low frequency bun- 
dle branch block might be due to the combined effects of a 
modest depolarization, the presence of spontaneous dias- 
tolic depolarization and a shift of the threshold potential to 
less negative values. We attributed a major role to the 
presence of diastolic depolarization because many clinical 
and experimental examples of phase 4 bundle branch block 
are accompanied by ventricular escapes probably arising 
from the affected fascicle (10,12,22). This view was sup- 
ported by studies showing that both phase 4 bundle branch 
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Figure 1. Lack of depressing effect of verapamil and marked 
lengthening of the range of phase 3 bundle branch block caused by 
the depressing effect of procainamide in a patient with an apparently 
isolated phase 3 right bundle branch block. Black bars represent the 
bundle branch block pattern; white bars indicate normal conduction. 
All data are in ms. For a detailed description. see text. IV = 
intravenously. 
block and the ventricular escapes are consistently enhanced 
by drugs known to increase diastolic depolarization, such as 
isoproterenol(12,13) and digitalis (22), and are diminished by 
drugs known to depress automatic activity at high levels of 
membrane potential, such as lidocaine (12.23). However, in 
recent years, this view has been strongly challenged by 
studies (l,2) showing the in vitro occurrence of phase 4 
bundle branch block in the total absence of diastolic depo- 
larization. 
Are there two different forms of phase 4 block? In 1976, 
during a study of the excitability and propagation of the slow 
response, Masuda (24) made a remarkable observation. In 
rabbit left atria1 trabeculae in the presence of barium and 
high potassium concentrations, impulse propagation showed 
clear signs of “fatigue” at relatively rapid rates (as expect- 
ed), but also failed at slow rates, with an intermediate 
optimal range during which 1: 1 propagation was successful. 
Further studies from the same laboratory (25,26) fully con- 
firmed these findings, and the low frequency block was 
attributed to a combination of decreased invading action 
potential area and decreased subliminal response enhance- 
ment, both a consequence of cycle length prolongation. 
According to these studies, repeated stimulation enhances 
the tissue’s ability to yield a slow response, an effect that 
depends on cycle length and is capable of accumulation from 
cycle to cycle. Therefore, when slow responses require a 
“warming up” to be successfully propagated, the low fre- 
quency phase 4 bundle branch block may be largely the 
expression of a “cooling off’ as a result of an excessively 
slow rate. Under such conditions, phase 4 block may indeed 
occur in the total absence of diastolic depolarization. Some 
years later, Antzelevitch et al. (1) and Jalife et al. (2) made 
similar observations, and the underlying mechanism was 
related to diastolic changes in excitability in tissues exhibit- 
ing properties of the so-called slow response (with some 
additional points to be discussed below). 
At first glance. the occurrence of conduction block on 
CONTROL 
VERAPAMlLlOMG IV 
Figure 2. Lack of effect of verapamil and suppression of 
conduction over the damaged bundle branch in a patient 
with phase 3 and phase 4 right bundle branch block. The 
findings in long electrocardiographic recordings ob- 
tained in control conditions, 5 min after verapamil 
administration and 5 min after a 500 mg cumulative dose 
of procainamide are depicted at the bottom. Black bars 
correspond to right bundle branch block (left: phase 3 
block; right: phase 4 block); white bars indicate normal 
conduction. All data are in ms. For a detailed descrip- 
tion, see text. IV = intravenously. 
820 840 830 840 980 c’i”; 
Vl 
PROCAlNAMlDE 5DOMG IV 
CONTROL 
VERAPAMIL 
PROCAINAMIDE 
1 
d too 
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either side of an optimal interval is so strikingly similar to the 
behavior exhibited by patients with intermittent bundle 
branch block that one would be tempted to extrapolate from 
these in vitro observations to the clinical situation and 
assume that both respond to the same mechanism (1,2). 
However, on more careful analysis, one essential difference 
(among others) becomes readily apparent. In most cases of 
intermittent bundle branch block, there is a normal conduc- 
tion range during which conduction is truly and absolutely 
normal, whereas in the experimental studies, the conduction 
window is only an optimal range for successful transmission 
during which conduction is still depressed and, in most 
examples extremely prolonged, on the order of 75 to 100 ms 
(1,2). Conduction delays of such magnitude would clinically 
result in rate-independent bundle branch block, in which 
phase 3 and phase 4 block would fail to occur. This should 
not come as a surprise. In fact, the use of preparations 
exhibiting a slow response precludes the occurrence of a real 
normal conduction range, and this is indeed a crucial differ- 
ence. The perfectly normal QRS complex observed during 
the conduction window in most clinical cases of intermittent 
bundle branch block is incompatible with conduction delays 
greater than a few milliseconds. Although Antzelevitch et al. 
(1) claim that phase 4 block may also occur in the absence of 
diastolic depolarization using the sucrose gap preparation 
without participation of slow responses, the step delay 
1 
2 
?F : ;__._- ‘_. ._.. ‘_...‘._ 
Figure 3. The two different varieties of 
phase 4 (bradycardia-dependent) bun- 
dle branch block. A, Phase 4 block in 
the presence of spontaneous diastolic 
depolarization in a zone of depressed 
fast responses of the canine right bun- 
dle branch. Conduction between two 
microelectrodes placed into (1) and 
beyond (2) the injured zone is normal 
at a cycle length of 650 ms. Phase 4 
block occurs after a longer cycle 
length (2,480 ms). The maximal dia- 
stolic potentials are -78 and -95 mV 
in the injured and normal zones, re- 
spectively, at a cycle length of 650 ms. 
The reduction in membrane potential 
to -60 mV late in diastole determines 
a nonpropagated depressed fast re- 
sponse in the damaged zone (from an 
experiment performed by Dr. Elizari). 
B, Phase 4 block in the absence of 
spontaneous diastolic depolarization 
in atria1 tissue showing slow re- 
sponses. The three panels depict from 
left to right, the effects of a progres- 
sive slowing of the stimulation rate 
from 30 to 15 and ll/min, respec- 
tively. A slowing of conduction is ap- 
parent at a rate of 1Ymin (middle), and 
phase 4 block develops at ll/min 
(modified from Masuda [24]). 
imposed by the sucrose gap is again incompatible with a real 
normal conduction range. Even if the step delay is mini- 
mized by manipulating excitability at the distal end of the 
preparation (l), an absolutely normal conduction range 
would still be impossible. 
The two types of phase 4 block. Available information 
seems to indicate that there are actually two different types 
of phase 4 bundle branch block (Fig. 3): one type occurs in 
tissues exhibiting the properties of the slow response and in 
the absence of diastolic depolarization, and another type 
occurs in tissues showing a depressed fast response with 
high or relatively high levels of membrane potential and 
frequently associated with the presence of ventricular es- 
capes and diastolic depolarization. The pharmacologic re- 
sponses demonstrated in the present study favor the view 
that the latter type is the one that occurs in most or nearly all 
clinical cases of intermittent bundle branch block. Whether a 
slow response-dependent phase 4 bundle branch block may 
or may not occur under clinical conditions is still unknown. 
Clinically, phase 4 block has been shown to occur only in 
tissues in which diastolic depolarization is an inherent prop- 
erty (namely, the His-Purkinje system). In contrast, phase 4 
block has never been reported to occur over the AV node 
where only slow responses can be expected (27). 
Clinical implications. Our study shows that verapamil 
fails to affect conduction even in the presence of severe 
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intraventricular block. In contrast, procainamide may cause 
severe deterioration of conduction even in patients with mild 
intraventricular block, and should be used cautiously under 
the latter circumstances. 
Conclusions. The total lack of depressant effects of rela- 
tively high doses of verapamil in contrast with the pro- 
nounced depression of conduction caused by procainamide 
even at relatively small doses strongly supports the view that 
clinical cases of phase 3 and phase 4 bundle branch block are 
related to depressed fast responses and not to slow calcium- 
mediated responses. These conduction disturbances proba- 
bly occur in tissues operating at a subnormal but still 
relatively high level of membrane potential. Otherwise, the 
reduced level of membrane potential (necessary for the 
occurrence of slow responses) would be incompatible with 
the occurrence of a normal conduction range and the clinical 
presence of phase 3 and phase 4 bundle branch block. There 
is, however, a form of phase 4 bundle branch block that can 
be induced in in vitro preparations exhibiting slow responses 
and in the absence of diastolic depolarization that is clearly 
different from the type of block occurring in clinical cases. 
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